Podocytes have been shown to express classical cadherins in the early stage of glomerulogenesis, but it remains unclear whether podocytes in normal and pathological conditions express cadherins in the adult stage. To address this question, rat podocytes in the neonate, the adult and in puromycin aminonucleoside (PAN) nephrosis were examined by immunofluorescence microscopy using antibodies against a-and b-catenins and anti-pan-cadherin antibody, and by immunoelectron microscopy using anti-a-catenin antibody. In the neonate, all the antibodies reacted with the junctional complex of podocytes in the S-shaped body stage. The staining disappeared during the capillary loop stage, when foot processes and slit diaphragms are formed. In the adult, podocytes were not stained with any of the antibodies, whereas distinct staining with the antibodies was detected in endothelial cells and mesangial cells in the glomerulus. These findings were identical in kidneys of PAN nephrosis; podocytes did not show any significant staining. These results indicate that the composition of intercellular junction molecules of podocytes in the adult is different from that of immature podocytes even under the pathological condition.
Introduction
Visceral epithelial cells of renal glomeruli, referred to as podocytes, play critical roles in the morphogenesis and maintenance of the glomerular structure as shown in the metanephric organ culture system [1] and in glomerular tuft adhesion caused by podocyte damage [2] [3] [4] . Cell-cell interactions are involved in almost every stage of complex morphogenetic processes. Cells touch one another through a number of different surface molecules. Among the most intriguing molecules are cadherins and their associated proteins, catenins [5] . Cadherins are transmembrane Ca 2q -dependent homophilic adhesion molecules that act as important participants in cell recognition and cell sorting during development. We recently have isolated cDNA encoding some members of the cadherin superfamily (FAT, cadherin-4 and protocadherins) from reversetranscribed glomerular cDNA by homology polymerase chain reaction using primers based on conserved sequences in cadherin molecules. FAT is a novel member of the cadherin superfamily with 34 tandem cadherin-like extracellular repeats. Podocytes express FAT in all stages from the S-shaped body stage to the adult under normal and nephrotic conditions, although the level of its expression is variable [6] [7] [8] . Cadherin-4, identical to R-cadherin, belongs to the classical cadherins. In contrast to FAT, its expression in podocytes is restricted to the early stage of glomerulogenesis [9] . Similarly, the other classical cadherins, N-and P-cadherins, have been detected in immature podocytes in the human and mouse [10] [11] [12] . Both of them also decline or disappear during the maturation of podocytes. However, P-cadherin recently has been reported as a component of slit diaphragms that are intercellular junctions specific to mature podocytes [13] . Thus, it is controversial whether intercellular junctions of mature podocytes contain classical cadherins.
Classical cadherins associate with a group of cytoplasmic proteins, a-catenin, b-catenin and c-cateninu plakoglobin, via the cytoplasmic domain. The association with catenins is indispensable for cadherins to exhibit cell-cell binding activity. In the present study, immunostaining using antibodies against catenins and anti-pan-cadherin antibody, reacting with ;130 kDa-sized cadherins in a wide variety of tissue, was performed in the rat kidney to examine whether podocytes express classical cadherin under physiological and pathological conditions during development and in the adult animal.
Results
Rabbit antisera against a-and b-catenin and murine monoclonal antibody against pan-cadherin were obtained from Sigma, St Louis, MO. On immunoblot analysis, each antibody detected a single band with the appropriate size in samples of isolated glomeruli and cortices from rat kidneys. Staining for a-and b-catenin showed identical distribution in the rat kidney.
In the kidney of newborn rats, immunofluorescence microscopy for both pan-cadherin and catenins showed significant staining in presumed podocytes in the S-shaped body stage and in the capillary loop stage. The staining disappeared during the maturation of glomeruli. Consistently, immunoelectron microscopy revealed accumulation of immunogold particles for a-catenin at cell-cell contact sites of podocytes in immature glomeruli, but not in the most mature glomeruli. The immunoelectron microscopic findings were identical to those of the mouse neonatal kidney [9] .
The localization of pan-cadherin and catenins was examined in the adult kidney by double-labelled immunofluorescence microscopy in combination with monoclonal or polyclonal antibodies against ZO-1 that is concentrated on slit diaphragms of podocytes. Immunofluorescence for pan-cadherin and catenins was not detected along the glomerular capillary wall that was decorated with anti-ZO-1, whereas tubular epithelial cells exhibited distinct staining. Pan-cadherin staining in glomeruli was observed only in the mesangium as described previously [14] . Catenin distribution was limited in the intracapillary region of glomeruli (Figure 1a and a9) . Precise localization of a-catenin was shown by immunoelectron microscopy. Immunogold particles for a-catenin were located at cell-cell contact sites of endothelial cells and mesangial cells, but not at those of podocytes (Figure 1c and d) .
In puromycin aminonucleoside nephrosis (PAN), foot processes of podocytes are retarded, and occludingtype junctions are formed instead of slit diaphragms. Nevertheless, pan-cadherin and catenin staining was identical to that in the normal kidney. No significant staining was observed in podocytes, but distinct staining was seen in endothelial and mesangial cells (Figure 1b, b9, e and f ) .
Discussion
Adherens junctions consisting of classical cadherins and catenins have been shown by electron microscopy in presumed podocytes in the S-shaped body and the capillary loop stages [9] . Consistently, immunostaining for classical cadherins has been detected in immature podocytes, although there are some differences between the studies and species [9] [10] [11] [12] . Thus, it is very likely that classical cadherins are involved in cell-cell adhesion of immature podocytes. All the studies of podocyte development are consistent in the point that the cadherins decline or disappear during the maturation of podocytes [9] [10] [11] [12] .
In the present study, significant staining for a-and b-catenins was not detected in podocytes in the adult kidney under normal and nephrotic conditions. Because the cytoplasmic domain of classical cadherins co-localizes with catenins, the absence of catenin staining suggests that the cadherins are not present as a major component in the intercellular junction of mature podocytes. Actually, we tried to stain E-, N-and P-cadherins with specific antibodies, but did not observe significant staining in podocytes in the adult. These findings are different from those of the study by Reiser et al. [13] . They have demonstrated significant immunogold staining for P-cadherin in slit diaphragms. This discrepancy cannot be explained by the inability of our antibodies to react with antigens. We confirmed the specificity and reactivity of the antibodies by immunoblot analysis using lysates from isolated glomeruli. Immunostaining showed all the antibodies to react with glomerular endothelial or mesangial cells in addition to tubular epithelial cells. Another possibility to explain the discrepancy is that the sensitivity for detection of the cadherins and catenins in the previous study [13] may be much higher than ours. Even if this were so, distinct staining in tubular epithelial and endothelial cells indicates that the amount of cadherins and catenins in slit diaphragms is much less than that of intercellular junctions of the other cells.
In nephrosis, podocytes lose foot processes and slit diaphragms, and form occluding-type junctions. The changes make them resemble immature podocytes. The present study shows that they are different from immature podocytes in cadherin and catenin staining. Phenotypic modulation of podocytes in nephrosis should not be regarded as dedifferentiation, but may be an adaptation to the pathological condition similarly to the culture condition [14 ] .
